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Abstract
This paper carry out principal component analysis for daily production safety assessment data based on principal 
component analysis (PCA). By defining principal component weighted mean aggregation operator and weighted 
geometric aggregation operators, we construct 6 comprehensive evaluation functions with different properties to 
establish a new production safety evaluation mathematical model. The proposed model can achieve safety assessment 
from the scattered data and qualitative analysis into systematically quantitative analysis, simplify the data processing 
work of safety evaluation, and provide effective analysis techniques for the daily production safety from the point of 
view of the time point, individual and overall. At last, apply the model to the assessment in coal mine driving 
production safety, and the results proved its usefulness and effectiveness.
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1. Introduction
In recent years, the coal mine production safety has been the focus because of the frequent coal mine 
accidents. The coal mine production safety is a complex system operation, and the driving process of coal 
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mine is the important factors to decide coal mine production safety. Production safety evaluation of 
driving involve many factors, and how to bring the technology, equipment, environment and other factors 
into a unified assessment system to obtain a clear composite score is the key to protect the accurate and 
efficient safety assessment[1-2]. At present, many scholars study this kind of issues through the principle 
component method, such as the literature [3-5]. Meanwhile, the coal mine production safety requires 
regular inspection and assessment, and the evaluation and analysis for the coal mine production safety 
situation at the different time is very important work. Due to having a large amount of assessment data,
data processing and selecting the key factors influencing production safety are very difficult. In this paper, 
aiming at the above problems, we analyze and synthesize the influencing factors of production safety 
based on principal component analysis, and establish an effective mathematical evaluation models by the 
weighted mean and weighted geometric operators.
2. Production Safety Evaluation Model Based on Principal Component Analysis
Aiming at the practical problems in the daily production safety evaluation, especially coal mine 
production safety appraisal, this paper achieve production safety factors analysis based on principal 
component analysis. In order to more comprehensively, synthetically and effectively evaluating the coal 
mine production safety historical data, we construct the comprehensive evaluation functions from the 
intersection, union and the average by defining weighted mean and weighted geometric aggregation 
operators, and ultimately establish the evaluation model directing at daily production safety evaluation. 
Now, the specific steps of the evaluation model are given as follows.
2.1. Data Collection and Standardization
Collect the raw data about coal mine driving production safety, let the original data matrix
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where (1 ,1 , )
ij
x i q j p≤ ≤ ≤ ≤ denote the evaluation score of the safety assessment factor i at the time 
point j , that is, there exist p safety assessment factors and q evaluation time points for the original 
data.
Standardize the original data matrix (1), and let standardized data matrix ( )ij q pS s ×= , in which,
               2 2
ij tj
t 1
1
= ( ) ( )
q
ti i js x x x xq =
− −∑                             (2)
2.2. Establishment of the Coefficient Matrix
Establish correlation matrix of variables ( )ij q pR r ×= for the standardized data matrix ( )ij q pS s ×= , 
where 
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2.3. Calculations of Contribution Rate and the Cumulative Contribution Rate
Solve the eigenvalues 1 2 0pλ λ λ≥ ≥ ≥ >… of the correlation matrix R , and calculate the contribution 
rate H and the cumulative contribution rate TH of the eigenvalues. Their computational formulas are as 
follows:
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2.4. Writing the Principal Components
Calculate the cumulative contribution rate according to Eq.5, and select the first n principal 
components to make the cumulative contribution rate is greater than 80% -90% (as the case may be). Then 
the linear combination for the first n principal components can be denoted as follows:
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where (1 ,1 )kiF k q i n≤ ≤ ≤ ≤  is the i th principal component at the time point k , and n pZ × is taken 
from units eigenvalues matrix 
q pZ × of correlation matrix R .
2.5. Calculating the Weights of Principal Components
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where 1 2, , , nH H H denote contribution rate of the first n eigenvalues.
2.6. Definition of Aggregation Operators
Firstly, give the definitions of the weighted mean and weighted geometric aggregation operators.
Definition 2.1 Let (1 )iF i n≤ ≤ is i th principal component in the PCA, and let :
nPCWA R R→ , if
          1 2 1 1 2 2( , , , )n n nPCWA F F F F F Fω ω ω ω= + + +                            (8)
then PCWA is called principal component weighted mean evaluation operator, where 
1 2( , , , )
T
nω ω ω ω=  is the weight vector of the principal component (1 )iF i n≤ ≤ according to the Eq.7,
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=∑ . Especially, if (1/ ,1/ , ,1/ )Tn n nω =  , then PCWA becomes the principal 
component mean evaluation ( PCA ) operator.
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Definition 2.2 Let (1 )iF i n≤ ≤ is i th principal component in the PCA, and let :
nPCWG R R→ ,if
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then PCWG is called principal component weighted geometric evaluation operator, where 
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i
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2.7. Construction of the Comprehensive Evaluation Function Based on Two Aggregation Operators
Construct comprehensive evaluation function of coal mine production safety based on the principal 
component weighted mean evaluation operator.
Definition 2.3 Let 
1 2 1 1 2 2( , , , )k k k kn k k n knZF PCWA F F F F F Fω ω ω ω= = + +  is the principal component weighted mean 
score at the time point k (1 )k q< < , and let : qPCWAMINZF R R→ , if 
                                    
1
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PCWAMINZF is called weighted mean minimum evaluation function, and its value is called composite score
of weighted mean minimum evaluation function.
Definition 2.4 Let 
1 2 1 1 2 2( , , , )k k k kn k k n knZF PCWA F F F F F Fω ω ω ω= = + +  is the principal component weighted mean 
score at the time point k (1 )k q< < , and let : qPCWAMAXZF R R→ , if
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PCWAMAXZF is called weighted mean maximum evaluation function, and its value is called composite score
of weighted mean maximum evaluation function.
Definition 2.5 Let 
1 2 1 1 2 2( , , , )k k k kn k k n knZF PCWA F F F F F Fω ω ω ω= = + +  is the principal component weighted mean 
score at the time point k (1 )k q< < , and let RRMEANZF qPCWA →: , if 
                   
1
1 q
PCWA k
k
MEANZF ZF
q =
= ∑                                                 (14)
PCWAMEANZF is called weighted mean evaluation function, and its value is called composite score of 
weighted mean evaluation function.
Eq.12- Eq.14 are obtained based on a principal component weighted mean evaluation operator ( PCWA ),
and they emphasize the overall work safety performance for each work time point. For the final composite 
score, Eq.12pays attention to find the worst production safety performance time point, Eq.13 focus on 
getting the optimal production safety performance time point, and Eq.14 lays emphasis on the overall 
mean safety performance at different work time point.
Construct comprehensive evaluation function of coal mine production safety based on the principal 
component weighted geometric evaluation operators.
Definition 2.6 Let 1 2
1 2 1 2( , , , )
n
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PCWGMINZF is called weighted geometric minimum evaluation function, and its value is called composite
score of weighted geometric minimum evaluation function.
Definition 2.7 Let 1 2
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PCWGMAXZF is called weighted geometric maximum evaluation function, and its value is called composite
score of weighted geometric maximum evaluation function.
Definition 2.8 Let 1 2
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PCWGMEANZF
is called geometric mean evaluation function, and its value is called composite score of 
geometric mean evaluation function.
Eq.15- Eq.17 are obtained based on principal component weighted geometric evaluation operator 
( PCWG ), and they emphasize the influence of individual safety performance for each work time point on 
the overall safety performance. For the final composite score, Eq.15 pays attention to the worst production 
safety performance at different work time point, Eq.16 focus on getting the optimal production safety
performance at different work time point, and Eq.17 lays emphasis on the individual comprehensive 
production safety performance at different work time point.
3. Applications of Evaluation Models to Production Safety Management of Driving
This paper uses production safety assessment data of driving 1st, driving 2nd, and driving 3rd of the first 
mining area of XinJi mining area from January to June (once every 10 days assessment) in reference 
[1](Annex page 49) as the original evaluation data. The comprehensive evaluation indexes included 
comprehensive dustproof in work sites the compilation of operation procedures, temporary rail and 
transport equipment, local ventilation, roadway health, construction drawing board, tunneling safety 
facilities, equipment management, roof management, blasting management.
In order to simplify operation, this paper takes the units feature matrix of correlation coefficient matrix 
R by means of the principal component analysis function princomp [3] of matlab, i.e. factor matrix.
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According to Eq.4 and Eq.5, calculate the contribution rate and the cumulative contribution rate of 
eigenvalues , as shown in Table 1.
Table 1. Contribution rate and the cumulative contribution rate of eigenvalues    （%）
Contribution rate 25.47 20.04 14.33 10.15 8.74 6.80 6.43 3.00 2.69 2.35
cumulative contribution rate 25.47 45.51 59.84 69.99 78.73 85.53 91.96 94.96 97.65 100
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As can be seen from Table 1, the cumulative contribution rate of the first 6 eigenvalues has been 
greater than 85%, so we take the first 6 principal components.
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where : 
1 2 6{ , , }, 1, 2, ,18k k kF F F k =  is the principal components of safety evaluation data of  driving
1st ,
1 2 6{ , , }, 19,20, ,36k k kF F F k =  is the principal components of safety evaluation data of  driving 
2nd,
1 2 6{ , , }, 37,38, ,54k k kF F F k =  is the principal components of safety evaluation data of  driving 3
rd .
According to Eq.11-Eq.16, we can take composite scores of safety evaluation, as shown in Table 2. 
Table 2. Composite scores of safety evaluation
composite scores driving 1st driving 2nd driving 3rd
composite score of weighted mean minimum 
evaluation function
PCWAMINZF
0.2921 0.2843 0.3428
composite score of weighted mean maximum 
evaluation function
PCWAMAXZF
0.6106 0.6136 0.5132
composite score of weighted mean evaluation 
function
PCWAMEANZF
0.4643 0.4848 0.4526
composite score of weighted geometric 
minimum evaluation function
PCWGMINZF
0.0002 0.1404 0.0124
composite score of weighted geometric 
maximum evaluation function
PCWGMAXZF
0.5430 0.5678 0.4742
composite score of geometric mean evaluation 
function
PCWGMEANZF
0.0001 0.4357 0.3022
Note: The comprehensive evaluation result is processed through the normalization, i.e., the maximum is 1, the minimum is 0.
According to the results of Table 2, on the one hand， it can be found that the value of PCWAMEANZF
and PCWGMEANZF of the driving 2nd are the highest, demonstrating its individual and overall performance 
are the best, and the value of PCWAMAXZF , PCWGMAXZF , PCWAMINZF and PCWGMINZF are generally higher than 
the other two. On the other hand, according to the traditional evaluation method, people would think that 
the performance of driving 1st is better than the driving 3rd, but in fact, the score of PCWGMEANZF of driving 
1st is less than driving 3rd, and the score is the minimum, so its performance at different times varies 
widely. Although with higher score of PCWAMEANZF , its overall performance is worse than driving 3rd.
Therefore, the final overall performance rating should be driving 1st, driving 2nd, and driving 3rd.
In addition, through the comparative analysis it can be found that the gap among the maximum score, 
minimum score and average score is very large, that is , the production safety performance fluctuate 
largely. That indicates that there exist problems in its safety management, and their education and 
management of daily production safety should be further strengthened. 
In terms of the application examples in this chapter, it is not difficult to find that we can get correct 
and effective evaluation results through the evaluation scores from six different perspectives, which 
proves that the safety evaluation model proposed in this paper is scientific and effective. 
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4. Conclusions
Production safety evaluation model based on the principal component method in this paper has the 
following advantages: 
On the one hand, comprehensive evaluation function based on principal component weighted mean 
evaluation operator can reflect the overall performance of coal mine production safety; on the other hand, 
comprehensive evaluation function based on principal component weighted geometric evaluation operator 
can reflect the overall safety performance stability. Integrated use of both methods can realize to link 
work at selected spots with that in entire areas and comprehensively investigate the status of coal mine 
production safety from multi-angle.
You can obtain the best, worst and mean level of standards to determine the degree of production 
safety in a certain period from the angle of taking the maximum, minimum and mean. You can not only 
get the average performance, but also can find the fluctuations and overall stability within a certain period.
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